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# 



TABLE II 



Test 
Time 
(Hrs) 



CATTERY VOLTAGE DROP UNDER LOAD 
(Incandescent Flashlight Bulbs) 



Batteries • 
1A & ID 



Batteries 
2A&2D 



No 
Load 
Voltage 



Voltage 
Under 
Load 



Voltage 
Drop 



No 
Load 
Voltage 



Voltage 
Under 
Load 



Voltage 
Drop 



16.25 
18.50 
20.50 
22.25 
23.25 
24.50 
25.75 

25.75 
26.75 
27.90 

29.50 
32.25 

35.75 

41.35 



2.39 
2.35 
2.30 
2.23 
2.15 
Ml 



1.96 
1.89 
1.85 
1.80 
1.61 
1.60 



0.43 
0.46 
0.45 
0.43 
0.54 
0.51 



2.30 
2.28 
2.20 
2.10 
2.05 
1.90 
1.94 



TEST DISCONTINUED.FOR 9 HOURS 



1.88 
.1.89 
1.80 
l.>l 
1.51 
1.49 
1.46 



2.32 1.70 0.62 2.35 1.75 

2.08 1.40 0.68 2.01 1,51 

2.02 1.40 0.62 1.82 1.30 

TEST DISCONTINUED FOR 21.5 HOURS 
1.99 1.29. 0.70 1.81 1.20 

1.92 .1.35 0.57 1.49* 0.10* 

TEST DISCONTINUED FOR U2.5 HOURS 
2.18 . 1.31 . 0.87 2.21* U0» 

TEST DISCONTINUED FOR 3.25 HOURS 
1.80 0.91 0.89 1.00* 0.48* 



0.47 
0.30 
0.40 
0.39 
0.54 
0.41 
0.48 

0.60 
0.49 
0.52 

0.61 
. 1.39* 

1. 11* 

0.52* 



•RcpUcemenl for D*(Ury 2A 



What is claimed is: 

pL A battery having a battery strength indicating 30 
meitoto indicate the strehgth of the battery comprising 
a battVy having a first terminal and a second terminal; 
• a battery indicator and switch means comprising a non- 
conductiye base layer, a non-conductive top layer dis- 
posed oveit the base layer, a first chamber formed be- 
tween the .top layer and the .base layer, and a second 
chamber spited from the first chamber and formed 
between the' fop layer and the base layer; indicating 
means dispose&in the first chamber; first conductive 
means electricalW connected to one terminal of the 40 
battery and to onevend of the indicating means; second 
conductive means connected to the opposite end of the 
indicating means anii extending into the second cham- 
ber; third conductiveNmeans extending from within the 
second chamber and Nextending to contact the other, 
terminal of the batteryKand whereby the second con- 
ductive means and the third conductive means in the 
second chamber are space*! apart and said second cham- 
ber being deformable so tn&t upon pressing of the sec- 
ond chamber the second conductive means will eiectri- 59 
cally contact the third conducive means thereby plac- 
ing the indicating means in electrical' contact across the 
terminals of the battery to indi^te the strength of the 
battcryO \ 
p. The battery of claim 1 wh^ein the indicating 55 
means in said first chamber undergoes a visible change 
when subject to at least a pre-determin^d voltage value. 

3.The battery of claim I wherein at least the top layer 
of the first chamber is transparent^ \ 
G*, The battery of claim 1 wherein at least the top layer 60 
of the first chamber is translucent^ \ 
£5. The battery of claim 1 wherein the indicating 
means is a chemical redox composition which changes 
color when the voltage potential across the ^rmirbls of 
the battery crosses, a predetermined voltagej \ 65 
\J$. The battery of claim 1 wherein the Indicatn^g 
means is a liquid crystal composition that changes ph£ 



20 



CO valued) 



scs when. the electric field.across the chamber exceeds a 
Kc-dctermined "valued 

Dj. The.battery of claim 1 wherein the second chamber 
5 ™ \. f mg de P resscd wi » "main depressed thereby 
3? g , thC c,r ? uit r and P^g the. indicating means 
r V terminals of the ceO 
Q. The battery of claim I wherein the first conductive 
means tomprises a conductive layer which has a re- 
»0 f"j: ed f ^"-sectional area in said first chamber and the 
indicatingWans in said first chamber comprises a heat 
sensitive cMor indicating material adapted to undergo a 
Srrif. "A* when J he temperature in said first cham- 
ber rises to\a pre-determined temperature when the 
voltage of thV current flowing through the conductive 
layer exceeds^ pre-determined valuej 
U>. The batteW of claim 1 wherein the first conductive 
means comprises a conductive layer which has a re- 

i U h?~ 1 C ^ SS * Se X 0n . al area in said first chamber and 
m?SS5 a ln t d X Un ? means comprises a pyrotechnic 
material adaptedVo decompose when the temperature 
of the conductiveWr in said first chamber exceeds a 
pre-determined temperature, the conductive layer in 
said first chamber ik adapted to exceed said prc-deter- 
25 ,T J Cm -5 eratU . re WT n the volta 8 e of the current 
valSS COnduct T Y V " CXCCCdS 8 P re - de t«mined 
QO. The battery of Kim 1 wherein the first conduc- 
tive means comprises^ a\conductive layer which has a 
30 [Sf, U " d cro "- sec , tionaI in said first chamber such 
■flS .- C V ? lta 8 c . of \l ie curre »t flowing through 

£l£S2S 5 u" $ T firSt chamber «ceeds a 

pre-determined value the current flowing through said 

35 TJZ th . e , c ° nduc t«ve laye\ in the chamber to the 
PO ' nt °! thC conducti \>ayer causing the con- 
dwUve layer to melt at the Wed cross-sectional 

J^^ he y a l\" V 1 W V ein the indicating 

40 ^ a J'8 ht emitting diode thaAundergoes a visible 

H!^ eC e " ,hC y °] taee 8ppHed ^ emitting 
diode crosses a pre-determined " 



* 2 - A battery having 
baftterv strength Indicator 



a 



45 



50 



55 



60 




said battery, a , ^ 

dispose d beneath said re^'lTenT 
layer, and a second conductor 



17 



10 



extending 


from said switch 


chamber and connected to the 


otheV end of the indicator, said 


portion of said second rnnHnrt-hm 


lead wathin 


said switch chamber 


comprising a 


switch contact- said 


battery \witcn beina bi***H ir> ari 


electrically 


-open position, 


whereb^\u 


poh pressing of the 


resilient 11 


t y£r over said switch 


chamber, the 


\ switch contact will 


be placed i 


n\ electrical contact 


with a c< 


i&n^ctive layer in 


electrical - 


"contact with said 



placing 

electrical 

terminals 



the 



>rminal, thereby 
vindicator in 



contact 



across 



of the 



the 



battery to 



20 



quickly indicate to \he use r the 
strength of the batter^ 

A voltage indica tor 
comprising: 

a dielectric layer; 
IEK a conductive layer 
25 above\ or below one of the 
surfaces of the dielectric laypr; 
and ~ ' ™ 



30 



CI 
color 
thermal 



a temperature sensitive 
indicator material in 



contact 



with 



the 



conducti ve\ layer, characte rized 
in that th< 



3i> 



i) a portiori\ 


of 


a sealed chamber, 


cell or bubb 


le 


below one of its 


surfaces and 


\i) A sufficient heat 


generating cap& 


p/ity/ to effect a 


change in n 


ijSA^ temperature 


sensitive c< 


jfrbr indicator 


material. ^ 





40 



14. The 
of claim 



voltage indicator 



13 



the 



color 



temperature sensitl 

indicator ma terial is formed from 
45 a mater ial which undergoes a non- 
permanent color 



chanc 



exposed to 
temperature. 



when 



predetermined 



50 



55 



15, The 
of claim 



voltage indicator 



temperature 
indicator 



13 



wherein 



sensitive 



Si 



coldy 



material undergoes a x 



id 



10 



40 



45 



50 



55 



18 : 

visible color change when exposed 
to\a predetermined temperature. 



An article comprising 
battery voltage 



1\6. 

an \ integral 
indicator having; 

A) \ a dielectric layer; 

B) \ a conductive layer 

above \or below the dielectric 
layer; fend " 

cT \ ~ a temperature sensitive 
color \ndicator material in 



thermal 



contact 



with 



the 



conductive layer/ characterized 



15 in that: 



the 



conductive 



layer has\i) sufficient heat 
generating capacity to effect ~a 
change in \ the temperature 
20 sensitive \color indicator 
material and Ii) sufficient non- 
conducting means under o ne of its 
sur faces to 



generated by th4 I 


conductive layer 


to change the\/ 


color of the 


temperature t 




vsltive color 


indicator mater 


ifa 


i and indicate 


voltage when 




[\the voltage 


indicator is i: 


^ cbntact with a 



2) 



the\ 



voltage 



indicator includes \ means for 
forming an electrical \switch with 

„ an electrically X conductive 

35 portion of the battery 



17, _ 
an integral 



An article 



msing. 
mprising 



battery \ voltage 



indicator having a plurality of 
layers in the following order: 

A) a dielectric layej 

B) a conductiv e 
C) 



layer; 



one or more sub s\rate 

layers; and 

D) a temperature sensi^gve 

color indicator material 



thermal 



in 



contact 



with 



conductive layer/ characteriz ed 
in that: 

1) the conductive layer 
has 1) sufficient heat generating 
capacity to effect a change in 
the temperature sensitive color 
indicator material and ii) 
sufficient non-conducting means 



19 



10 



15 



20 



25 



30 



40 



55 



under o ne of its surfaces to 
permit the heat generated bv t he 
conductive layer to chance ~~Fh ^ 
col,pr 9l the temperature 
color indicator 



sensitive 



m w T and indicate voltag e 
when \ th e voltage indicator i« in 
contact with a battery ho uslnrr. 
and \ ~ 

. x 2) the voltage 

indicato r includes means fo r- 
formmg\ an electrical switch with 

— : euectrica ily conductiv e 

portion a t the battery housing? 

liL. \ An article accord ing to 
claim 1 6 \pr 17 wherein thenoTT 
conducti ngy means is formed by 
placing a Vionconductive materia l 
under the conductive layer. ~ 
iiL. An\ article according to 
claim 1 6 p\r 17 wherein'hh^ 
nonconducting \ means forms a 



20. 
article 


A bW 


:ery having an 


with aiy 


integral battery 


voltage 


indicalpf 


ft, wherein the 


voltage 


indicatt6i 


comprises: 


hi 


a dife/ls 


ctric layer; 



above or beJlfow \the dlele ^trir- 

layer; and 

£1 a temperature sens itive 

color indicator \mat "erIaT 
thermal 



contact 



35 conductive layer , 
in that: 



with 



in 
the 



laracterized 



1) the conductive lay er 
has i) suttic ient heat W en^hl^ 
ggpacity to ef fect a ^ hannp Trt 

Hl^ temperature sensitive col or 

indicator material ^R d 
£Hffjr, cient non-conductin 
under one of its surfaL 
permit the heat generated £> y th<* 
45 conducti ve layer to chanaA th* 
color of thP temper^turi 



ii) 
means 
to 



sensitiv e 
material 



color 



and 



indicator 



— — - indicate voltag e 

when th e voltage indica tor i * \in 



50 contact with a battery hT^TT 
and " "* 



n< 



2) 



the 



voltageN 



indicato r includes means fo r 
forming an electrical switch wi «-h 



20 



C3 

I -- ° 
Ltl 
SO 



electrically conductive 

rtion of the battery housing. 
J|Li A battery having an 
article with an integral" ^"^ 



, d battery 

yolttege indicator, wherein t he, 

T n . ^^f! 1 battery voltag e 
indicator comprises a 1 



10 



30 



i — sz : - - Plurality 

or layers m tht> following order; 
M_ \ a dielectric layer; 

a conductive layer; 
on e or more substrate 



D) 
color 
15 thermal 



temperature sensitive 
int^icator material IE 



:ontact 



with 



the 



flayer, characterized 



conductive 
in that: 

1) \the conductive layer 
sufficien t he at generating 
a change in 



has i) _ 
20 capacity 
the 



to 



:fect 



temperature sensitive color 



sufficient non-Acoft 


ducting means 


unaer one o± Itfi 


„ surfaces to 


permit the heat d 




Crated by the 


conductive layei: 


K 


:o change the 


color of tk 




temperature 



material and Jfaditeate voltage 
when zne voltage indicator is in 
contact with a batteVv ho using. 



and 



2) 



the 



indicator includes 



voltage 
for 



3 means 

35 forming an electrical switch with 
22 — electri cally conductive 

portion o t the battery hou\ingT 

, A battery accordi ng to 

claim 20 or 21 whereiA TKS " 
40 nonconau ctlng -Means is formed bv 
inserting a noncondu 

material between the battery 
surface and the conductive lave "^ 
23 » A battery according 
45 claim 21 wherein 

nonconducting means comprises' 
means for forming a sealed 

chamber, cell or bubble? 

24 » A battery with 
50 integral voltage ind icl^o^ 

comprising; " 

a battery having an anode and a 
cathode and being defined 
batcery housing/ and " 




bY. 



55 



f 



a voltage Indicator integral 
wi,th said battery/ said voltage 
indicator comprising:" ^ 



conductive layer; 
a \ temperature sensitive color 
indicator material in thermal 
contafct with the conductive layer 
whereiVi the conductive layer has 
sufficient heat generating 
10 capacity to effect a change in 
the teittperature sensitive color 
indicator material; . 

means \ to prevent conduction! 
between the conductive layer -^mr 
the battery housing to permit the 
heat generated by the conductive 
layer to change the color of the 
temperature * * ' 



15 



sensitive 



color 



indicator matertol and indicate 



in 20 voltage wh&n / 


the voltage 


Id indicator is \Ln 


, contact with a 


in battery housindfc J6nd 

CO electrical //\/ switch means 


M positioned^ whe 1 


j activated/ to 


M 25 electrically 1 


\ connect the 



conductive layer and a conductive 
portion of the battery housing to 
effect a color Change in the 
temperature sensitive" color 
30 indicator material , 

25» A battery Recording to 
claim 24/ wherein thfe conductive 
layer has a portion, rteduced to "a 
small cross sectional Area and is 
35 positioned so that current can 
flow between the conducive layer 
and reduced cross section area 
when the electrical switch means 
is activated/ wherein thA extent 
40 to which the conductive Aver is 
heated at the reduced \ cross 
sectional area is related ftp the 
battery's voltage and the Extent 
to which the temperature 
45 sensitive color indicator 

material undergoes a color ch^ng"e 
indicates the voltage and le\el 
of heating, 

26. A battery according t 
50 claim 24/ wherein the means t 

prevent conduction is a 

nonconductive material, 

27 . A battery according to 
claim 24/ wherein the means to 

55 " 



22 



U 

I ; ?. 



8 « 



10 



20 



25 



30 



35 



40 



45 



50 



55 



prevent conduction comprises 
, Sea A ed c haIt ^>ex; ceil or bu bble 



A battery according to 
aim 24, wherein the temperatUrg 
lsitive _color indicator 



material 



is 



mat* 



formed 



from 



srial whi ch undergoes a non- 
permanent col or change wh^n 



expo; 



to 



temperature* 



predetermined 



. A battery according to 

claim P4, wnere m the temp erature 
sensitive _color indicator 

visible 
a 



material undergoes IT 



15 color 



predeter 



lange when exposed to 



30. 

hi 

above r 



lined temperature. 



A voltmeter comprising: 
a dielectric lajyer; 

conductive layer 
or\ below one of the 



surfaces ofc the dielectr ic lavpr ? 



and 

£L a\ temperature sensiti ve 

f^f.J" n dic lP t . or la V er in th^^T 

the conduct! 



contac t with 



:ive 



conductive 15 


W#tr has i) an air 


pocket underf 


\9fie of its surfaces 


and ii) /, 


A/ sufficient heat 



lacity to affect 



the 



temperature 



change in l 

sensiti ve cdW Vindicator layer, 

- T " e v&l tmeter of claim 

30 wherein the U nsulatincr 

iS formea t>\ placing ~a" 

temperat ure insulating mater ial 

under the conductive layerT 

, n ^2. 'me vol t eeter of rAaim 
30 wherein the c dyLor indi cTF^ 
layer changes from: 



i±L a color to Colorless: 



El colorless 



A) 
B) 

or 

91 
color. 



a color; 



£2. one color tc 



a second 



33. 

integral 
having: 



j 3 -^- A label compMsing an 



battery 



\oltmeter 



A). a dielectric layeY: 

a conductive \ 



above or 
1 



conductive \ layer 
beiow the dielectric 



ayer; and 

9L a temperature sens j>V.ivp> 

color indicator layer in ther"^T 



23 

contact with the conductive 
layer/ characterized in that 1) 
the conductive layer has i) 
sufficient heat generating 
5 capacity to affect a change in 
the\ temperature sensitive color 
indicator layer and ii) 
sufficient thermal insulating 
meana under one of its surface's 
10 to overcome heat sinking when the 
voltmeter is in contact with~a 
battery having an electrically 
conductive housing and 2) the 
voltmetier includes means for 
15 formingv an electrical switch with 
the telectrically conductive 
battery \housing. 

~ 34 * \ A label comprising an 
integral \ battery voltmeter having 
20 a plurality of layers in the 
following \ order ; 

AT Y dielectric layer; 

B) a conductive layer; 

O Qfie or more substrate 

25 layers for the^label; 

PT a \t^mperature se nsitive 

color indi\qfa[tor 



30 



characterized^/ 


in that 1) the 


conductive /A 


layer has i) 


sufficient // > 


heat generatina 


capacity to J 


a\ffect a chanae in 


the temperas 


:u: 


sensitive color 


indicator 


la\yer and ii) 



sufficient thermal insulating 

35 means under one\ of its surfaces 
to overcome heat \sinking when the 
voltmeter is in \contact with a 
battery having aYx electrically 
conducting housing and 2) the 

40 voltmeter includes\ means for 
forming an electrical switch with 
the electrically \ conductive 
battery housing? ^ 

35 « A label according to 

45 claim 33 or 34 wherein the 
temperature insulating \means is 
formed by placing a temperature 
insulating material un^er the 
conductive layer . 

50 36, A label according to 
claim 33 or 34 wherein\ the 
temperature insulating \neans 
forms an air pocket . 

55 
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W 
in 



20 



35 



40 



45 



50 



\37 . A battery having a 
laftel with an integral voltmeter; 
wherein the voltmeter comprises: 
a dielectric layer; 

a conductive layer 

or below the dielectric 

layeb; and 

Cn a temperature sensitive 
colon indicator layer in thermal 



10 contact 



with 



the 



conductive 



layer A characterized in that 1) 
the fconductive layer has i) 



sufficient 



heat 



capacity to affect 



generating 



change 



in 



15 the tefaiperature sensitive color 



indicator 



layer 



and 



ii) 



sufficient thermal insulating 
means under one of its surfaces 
to overcame heat sinking when the 
voltmeterX is in contact with a 
battery having an electrically 



conducting 1 
voltmeter 



housing 
includes 



and 2 ) the 
means for 



forming an \electrical switch with 



25 the electrically 



battery hous\iAg. 

38 » A ^[battery 
label with 



conductive 



having 



integral voltmeter; 

wherein the/Npltmeter comprises a 
30 plurality /To'fy layers in the 
following order; 

A) a dieXLectric layer; 

B) a conductive layer; 

C) one or more substrate 
layers for the lafrel; and 

D) . a temperature sensitive 



indicator layer, 
characterized in \ that 1) the 


conductive layeA 


has i) 


sufficient heat \ 


generating 


capacity to affect \ 


a change in 


the temperature sen; 


fcitive color 


indicator layer 


\ and ii) 


sufficient thermal 


\ insulating 


means under one of 


itte surfaces 


to overcome heat sinking when the 


voltmeter is in contact with a 


battery having an 


electrically 


conducting housing 


and \2) the 


voltmeter includes 


mearte for 


forming an electrical 


switch with 


the electrically 


conductive 



battery housing. 



55 



25 



5 39. 
claim 



35 



50 



A battery according to 
37 or 38 wherein the 



insulating means is formed by 
in- 1 - - ^ ' " L 



terting 



temperature 



insulating material between the 
10 battery surface and the 
conductive layer. ~ 

A battery according to 
^JL 38 wherein insulating means 
air pocket under the 
\tric substrate under the 
area of the conductive layerT 

41 * \ The voltmeter o f claim 
30 wherein the 



is 

15 diel 



sensitive 



temperature 

color indicator laye 



20 is formed from a color reversible 
temperati^re sensitive material 



selected 



from 



the 



group 



consisting of thermochromic inks, 
liguid crystalline material SHd 
25 thermochroiftic 



crystalline\ 



thermochromj 

42. ThV 
30 whereii 



inks/ 
materials 



liguid 
and 



30 sensitive 



tapes . 

voltmeter of claim 
the temperature 



changes from: 
A). 

or 

QL 
color. 

43. 

claim 



ir indicator layer 



Lor to colorless; 
cojE0frIess to a color; 



one 



>lor to 



a second 



38 



A battery according to 

wherein the thermal 

insulat ing means \comprises means' 
40 for ror mlng an a IV pocket under 
the dielectric layer. 

44 - A battery with an 
integral vo ltmeter comprising: 

a batter y having \terminals of 
45 opposite polarity \ and being 
defined by a battery cfrn and 

a voltme ter integral\ with said 
battery, said \ voltmeter 



comprising: 

a conduc tive laVerj 



a temperature sensitive 
color i ndicator layer in thermal 
contact with the conductive 

:tive 

Aheat 

generat ing capacity to effect ~ 
change in the temp era! :ure 
sensitive color indicator layer; 



layer, whe rein the con dt 
55 layer has sufficient 



26 



I rovide 
the 
tttery 
from 
c the 
means 
, to 
the 
tttery 
flow 
5r to 
the 
color 
ng to 
tctive 
which 
f the 
wide 
that 
the 
n the 
is 
at to 
r is 
and 
o the 
extent 
-ature 
layer 
:hange 
level 
ng to 
is to 
is a 
ng to 
is to 
.ation 
the 
the 
the 
.ayer, 
L n air 
ng to 
rature 
layer 
rsible 
:erial 
ng of 

thermochromic inks, liquid 

55 
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4 



27 



10 



15 



20 




40 



45 



crystalline materials, 
tftermochromic tapes, 



and 



\ 4 . 9 * A battery according to 
cl ^ lm 44 wherein the temperature 
color indicator layer 



sensitive 



changes from: 

a color to colorless; 
21\ colorless to a color; 

or 

£L \ one color to a second 
color/ 

50 « \ An article comprising 
inte gral battery voltage 
indicator having: 

hL \ a dielectric layer; 
ILL \ a conductive layer 
above o r\ below the diel ectric 
layer; an 

ci 

color in 



an 



thermal 



conductive 



temperature sensitive 
Lcator materi al in 

the 



?ont&ct 



with 



in that: 
25 layer has" 



er, characterized 



generating 
change i 



-he 



conductive 



sufficient heat 



deity to effect a 



sensitive 



the 



material and i : 
30 to permit the ' 



color 



temperature 



indicator 



coupling means 



the conductive 



the color of 



?at generated by 
nyer to change 



sensitive 



colo: 



ie temperature 



indicator 



material and indicate voltage 
35 when the voltage indicator is in 
contact with a battery housing? 



and y 
21 the \ 
indicator includes 



voltage 



eans 



for 



forming an electrical s'witch with 
an e lectrically conductive 
portion of the battery ho\IiIngT 



50 



55 



